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Abstract 

This study compared the effectiveness of the multifocal visual evoked cortical potentials (mfVEP) elicited by pattern pulse stimu- 
lation with that of pattern reversal in producing reliable responses (signal-to-noise ratio >1.359). Participants were 14 healthy 
subjects. Visual stimulation was obtained using a 60-sector dartboard display consisting of 6 concentric rings presented in either 
pulse or reversal mode. Each sector, consisting of 16 checks at 99% Michelson contrast and 80 cd/m^ mean luminance, was 
controlled by a binary m-sequence in the time domain. The signal-to-noise ratio was generally larger in the pattern reversal than 
in the pattern pulse mode. The number of reliable responses was similar in the central sectors for the two stimulation modes. 
At the periphery, pattern reversal showed a larger number of reliable responses. Pattern pulse stimuli performed similarly to 
pattern reversal stimuli to generate reliable waveforms in R1 and R2. The advantage of using both protocols to study mfVEP 
responses is their complementarity: in some patients, reliable waveforms in specific sectors may be obtained with only one 
of the two methods. The joint analysis of pattern reversal and pattern pulse stimuli increased the rate of reliability for central 
sectors by 7.14% in R1, 5.35% in R2, 4.76% in R3, 3.57% in R4, 2.97% in R5, and 1.78% in R6. From R1 to R4 the reliability 
to generate mfVEPs was above 70% when using both protocols. Thus, for a very high reliability and thorough examination of 
visual performance, it is recommended to use both stimulation protocols. 

Key words: Multifocal visual evoked cortical potential; Contrast vision; Spatial vision; Signal-to-noise analysis; 
Visual electrophysiology 



Introduction 

The nnultifocal visual evoked cortical potential (nnfVEP) 
recording technique was developed by Erich Sutter as a 
nnethod to investigate the cortical activity evoked by sinnul- 
taneous stinnulation of nnultiple areas of the visual field (1 ). 
This nnethod has been used in several basic and clinical 
applications (2-12). Elicited responses arise fronn a stinnula- 
tion protocol based on changes in the spatial infornnation 
of the stinnuli. Pattern reversal configuration was initially 
proposed and it is still the nnost used presentation nnode 
annong nnfVEP studies (1,3,13,14). 

Different stinnulus configurations such as pattern pulse or 
pattern onset-offset have been used as alternative nnethods 
to investigate visual cortical physiology (11,12,15-19). The 
presentation nnodes differ fronn each other in the stinnulus 



configurations that have been shown for each elennent of 
the nn-sequence. Binary (succession of 0 and 1 states) and 
tertiary (succession of 0, 1, and -1 states) nn-sequences 
have been used to set the presentation nnodes. Usually, pat- 
tern reversal is set by binary sequences, each nn-sequence 
state represented by two phase-inverted patterns. Pattern 
onset was introduced by Hoffnnann etal. (18). For this, one 
nn-sequence state was represented by a pattern presenta- 
tion during a franne period followed by a nnean lunninance 
honnogeneous field during one nnore franne period, and 
another nn-sequence state was represented by two franne 
periods of honnogeneous field. The recording tinne spent 
during pattern onset stinnulation was two tinnes longer than 
the tinne spent using pattern reversal nnode. Pattern offset 



Correspondence: G.S. Souza, Nucleo de Medicina Tropical, Universidade Federal do Para, Av. Generalissimo Deodoro, 92, 
66055-240 Belem, PA, Brasil. E-mail: givagosouza@ufpa.br 

Received March 7, 2012. Accepted July 4, 2012. Available online July 13, 2012. Published September 3, 2012. 



www.bjournal.com.br 



Braz J Med Biol Res 45(10) 2012 



956 



G.S. Souza etal. 



mode is the opposite configuration of pattern onset mode. 
It is represented by one m-sequence state triggering a 
short period of homogeneous field followed by a longer 
pattern presentation and one m-sequence state triggering 
only pattern presentation. Pattern offset mode was used 
by Fortune et al. (16). Pattern pulse was introduced by 
James (11) and was set to show a pattern that lasted one 
frame period followed by a mean luminance homogeneous 
field. The pattern was presented randomly at an interval 
between 0.4 and 0.6 s. 

Due to the clinical importance of this method, several 
studies have compared the signal-to-noise ratio (SNR) of 
pattern reversal mfVEP to those elicited by other stimulus 
configurations, since the former was not able to generate 
measurable responses from all stimulated areas (16-1 8,20). 
Fortune et al. (16) compared the multifocal responses 
elicited by pattern reversal, pattern onset, pattern offset, 
and sparse pulse stimuli. They found similar waveforms for 
pattern reversal and pattern onset mfVEP. Pattern onset 
and sparse pattern pulse mfVEPs were 3.5 times larger 
than pattern reversal mfVEPs. Pattern offset mfVEP had 
a different waveform compared to those elicited by other 
mode presentations, and was two times smaller than pattern 
onset. Hoffmann et al. (1 8) compared the SNR of mfVEPs 
elicited by pattern reversal and pattern onset. The pattern 
onset recording duration was twice as long as pattern 
reversal. Hoffmann et al. (18) found that pattern onset 
enhanced the amplitude by 30% in the central areas, but 
it elicited a 30% lower response in the periphery field. The 
combination of both tests reduced the number of false- 
positive scotomas to less than 1 .5% of the location. Gerth 
et al. (17) studied the topography of pattern reversal and 
pattern onset chromatic mfVEPs. Instead of using a dart- 
board for stimulation, they used a stimulation consisting of 
hexagons filled with triangles in orderto reduce high spatial 
frequency components in the central area of the stimulus. 
For both stimuli, they found larger responses in the cen- 
tral field and depressed amplitude in the peripheral field. 
Pattern onset chromatic mfVEPs were larger than those 
elicited by pattern reversal. Maddess et al. (20) studied 
the contrast response function of pattern reversal mfVEPs 
to three configurations of temporally sparse stimuli. They 
found that SNR at 40% contrast were similar among the 
presentation modes, but the sparse mfVEP amplitudes 
grew faster as the contrast increased than pattern reversal 
mfVEPs. Maddess et al. (20) suggested that the contrast 
dependence of the mfVEP amplitude was due to possible 
influences of retinal contrast gain control, or intracortical 
and cortical-geniculate feedback. 

The main explanation for false-negative waveforms in 
mfVEP tests lies in the cortical convolutions resulting in 
failure of the dipoles to project onto a specific derivation or 
in the cancellation of opposing dipoles (21). However, it is 
possible that different contrast gain mechanisms may be 
the cause of the lack of responses in some sectors (13). 



We compared the SNR of mfVEPs elicited by pattern 
reversal and a pattern pulse protocol. In the present study, 
we used a pattern pulse presentation mode in which one m- 
sequence state showed a pattern and another m-sequence 
state showed a homogeneous field. Both m-sequence states 
lasted one frame period, matching the recording duration 
for pattern reversal mode, which was also composed by 
one frame period for each m-sequence state. We evalu- 
ated the performance of the different sectors to generate 
reliable responses for both stimulation protocols. Our goal 
was to identify how to elicit reliable waveforms by pattern 
reversal and pattern pulse presentation modes, which could 
be compared in a straightforward manner. Although pattern 
reversal is the most used protocol in clinical trials, it has 
some limitations and it is important to investigate different 
alternatives to analyze visual function integrity. 

Material and Methods 

Subjects 

Fourteen healthy subjects (27 ± 5.4 years old) with best 
corrected visual acuity equal to 20/20 or better and no oph- 
thalmologic diseases participated in this study. Monocular 
stimulation was used for all subjects. The study was ap- 
proved by the Ethics Committee of the Nucleode Medicina 
Tropical, Universidade Federal do Para, and all subjects 
gave written informed consent to participate. 

Stimuli 

A 20" color CRT monitor (75 Hz, 1280 x 1024 pixels, 
Eizo, Japan) was driven by the Veris Science v6. 1 0 system 
(Electrodiagnostic Imaging - EDI, USA) to display a 60-sec- 
tordartboard (radius: 22° of visual angle; Figure 1). Each 
sector consisted of 16 squares (8 white and 8 black) with 
high luminance Michelson contrast (99%) and 80 cd/m^ 
mean luminance. Each sector was controlled by a binary 
m-sequence in the time domain. Two stimulation protocols 
were used: pattern reversal and pattern pulse. For the 
pattern reversal mode, one m-step showed a chessboard 
pattern during one frame period and another m-step showed 
the same chessboard pattern 180° spatial phase reversed 
(Figure 1 C) during one frame period. For pattern pulse, one 
m-step showed a chessboard pattern during one frame 
period and the other m-step showed a mean luminance 
homogeneous field (Figure IB) during one frame period. 
Both protocols spent the same recording time. 

Electrode placement and recording settings 

Four consecutive recording trials were performed (two 
pattern reversal and two pattern pulse trials). Three active 
gold-cup electrodes were placed 4 cm above the inion 
(channel 1), 1 cm above the inion, and 4 cm to the right 
(channel 2) and left (channel 3), respectively (10). Another 
gold-cup electrode, placed in the inion, was the reference 
for the three active electrodes. The ground electrode was 
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Figure 1. Sixty sector dartboard consisting of 6 concentric rings 
(A). Pattern reversal and pattern pulse modes drove the presen- 
tation in each sector modulated by a binary m-sequence. Rings 
of same eccentricity (B). R1 is the inner ring and R6 is the 
outer ring. Pattern reversal mode: m-step 1 showed a chess- 
board pattern during a frame interval, m-step -1 showed the re- 
versed chessboard pattern during a frame interval (C). Pattern 
pulse mode: m-step 1 showed a chessboard pattern during a 
frame interval, m-step -1 showed a zero contrast field during a 
frame interval (C). 



placed on the forehead. The recordings were annplified 
1 00,000 tinnes (Grass, USA), digitized at 1 200 Hz and on-line 
band-pass filtered at 3-1 00 Hz. Additionally, the recordings 
were digitally filtered off-line by the VERIS systenn at 0-30 
Hz. No artifact rejection or spatial snnoothing was applied 
to the data. 

Analysis settings: signal-to-noise ratio 
measurements 

The recorded infornnation of three physical derivations 
(channels 1,2,3) was exported fronn the Veris systenn to be 
analyzed in Matlab R2010b (Mathworks, USA). Three addi- 
tional channels were obtained by subtraction of the physical 
channels (channels 4, 5, 6). The first slice of the second-order 
kernel for pattern reversal and the first-order kernel for pattern 
pulse were extracted for analysis. We perfornned an SNR 
evaluation sinnilar to the one described by Zhang et al. (22), 
in which the wavefornns of two trials fronn each presentation 
nnode session were averaged. The SNR definition initially given 
by Zhang and Hood (23) deviates fronn the conventional SNR 
definition. Then, the SNR of each wavefornn was calculated as: 
SNR = [RMS(4o-i50 ms) / mean RMS(325-430 ms)] - 1. where 
RMS(4o-i5o ms) is the RMS annplitude of the wavefornn in 
the interval of 40 to 150 nns. The nnean RMS(325-43o ms) is 
the average RMS annplitude of all 60 wavefornns in the inter- 
val of 325 to 430 nns. We found a connbination of wavefornns 



with best SNR annong six channels for each sector (best 
channel) to be used in the connparisons. 

Analysis settings: testing the waveforms reliability 

To deternnine if each wavefornn would be a reliable 
response, we applied an approach of false-positive rates 
obtained fronn the cunnulative distribution of SNRs fronn the 
noise interval of the wavefornns as described by Zhang et 
al. (22): SNR = [RMS(325-430 ms) / nneanRMS(325-430 ms)] - 1 . 
where RMS(325-43o ms) is the RMS annplitude of the wave- 
fornn in the interval of 325 to 430 nns. After the false-positive 
rate approach, we found that for the entire data sannple the 
SNRs above 1 .359 would correspond to a probability of 5% 
of being part of the noise distribution. We considered as 
reliable wavefornns those with an SNR above 1 .359. 

Statistical analysis 

We used one-way ANOVA with Bonferroni's correction 
(a = 0.05) to connpare the SNR fronn reliable data and rate 
of reliable wavefornns elicited by both stinnulus protocols. 
Our analysis considered wavefornns included in six con- 
centric rings of the visual field (R1 is the inner ring, R6 is 
the outer ring, and R2-R5 are internnediate rings fronn R1 
to R6; Figure 1). 

Results 

Waveforms and SNR analysis 

The entire analysis was conducted across subjects. 
Figure 2 shows the best channel response elicited by pat- 
tern reversal and pattern pulse from four subjects. Reliable 
waveforms (SNR >1.359) are marked in black and the 
waveforms that indicate absence of signal (SNR <1.359) 
are marked in red. 

In the comparison of all reliable waveforms, statistical 
analysis showed significantly (P < 0.05) higher SNR for 
pattern reversal mfVEP (SNR = 4.025 ± 2.3) compared to 
pattern pulse mfVEP (SNR = 2.21 ± 1.7). For the R1, R2, 
R3, and R6 rings, there were no significant differences in 
the SNR of reliable waveforms between the two protocols. 
For the R4 and R5 rings there were significant differences 
favoring the SNR of pattern reversal mfVEP (P < 0.05). 

Acomparison of the SNRs of reliable waveforms elicited 
from the same sector for both protocols showed a correla- 
tion coefficient (R) equal to 0.77, which showed that the 
SNR of reliable waveforms elicited by both presentation 
modes varied simultaneously, obeying a linear relationship 
(Figure 3). 

The pattern pulse mode showed the same or a better 
performance in generating reliable waveforms than the 
pattern reversal mode in three of four sectors (75%) in 
R1, three of eight sectors (37.3%) in R2, three of twelve 
sectors (25%) in R3, and one of twelve sectors in R4 and 
R5 (8.3%). Pattern pulse performance was worse than 
pattern reversal mode to generate reliable waveforms at 
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Figure 3. Correlation between signal-to-noise ratios (SNRs) of 
reliable waveforms elicited by pattern reversal and pattern pulse 
modes. The correlation coefficient was 0.77. SNR values of pat- 
tern reversal multifocal visual evoked potentials (mfVEPs) were 
higher than pattern pulse mfVEPs. The linear function (black line) 
that described the correlation was y = 0.56 x Iog10(x) + 0.59. 



S8 




Figure 2. Multifocal visual evoked potential arrays elicited by pat- 
tern reversal and pattern pulse presentation mode from four sub- 
jects. Reliable waveforms are marked in black, while red wave- 
forms indicate false-positive waveforms. 



all sectors in R6. We found that the perfornnance of each 
sector generated reliable wavefornns for both presentation 
nnodes. We observed that the pattern pulse nnode showed 
the sanne or higher perfornnance than the pattern reversal 
nnode in eleven sectors. Figure 4 shows in white the sec- 
tors that after pattern pulse stinnulation showed the sanne 
or higher perfornnance than pattern reversal. Contrast 
adaptation and different neural generators could partially 
contribute to the better perfornnance of pattern pulse, nnainly 
in the central field. 

Reliability rate 

Table 1 shows the rate of reliable responses elicited fronn 
both stinnulation protocols for all subjects. Figure 5 shows 
reliable wavefornns in each sector for the pattern reversal 




Figure 4. Comparison of the performance of pattern pulse and 
pattern reversal by sector. The sectors in which the pattern pulse 
had the same or better performance than pattern reversal are in 
white. The analysis was conducted across subjects. The larger 
diagram represents rings R6, R5, R4, and R3 from periphery to 
center, while the smaller diagram represents rings R2 and R1 
from periphery to center. 

nnode (Figure 5A) and pattern pulse nnode (Figure 5B). 
Figure 5C and D show the rate of reliable wavefornns when 
a sanne sector elicited reliable wavefornnsinnultaneously for 
both protocols or in any protocol, respectively. 

In the analysis of all sectors, there was a higher rate of 
pattern reversal than pattern pulse in all subjects (P < 0.05). 
In the ring analysis, there was a significantly higher per- 
fornnance of acceptable wavefornns in rings R4, R5, R6 
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Table 1. Rates of reliable waveforms elicited by each ring in the visual field. 



Rate of reliable waveforms (%) 

All rings R1 R2 R3 R4 R5 R6 

PR PR PR PP PR PP PR PP PR PP PR PP PR PP 

Average 71.6* 52.1 66 66 83.9 75 86.3 79.1 83* 61.9 64* 31.5 46.4* 16 

Sterr 3.7 4.5 8.5 10 4.4 6 3.1 6.5 3.8 5.8 5.8 5.5 6.5 4.6 



Sterr = standard error; PR = pattern reversal; PP = pattern pulse. *P < 0.05 PR compared to PP (one-way 
ANOVA). 




Figure 5. Rate of reliable waveforms. A, Pattern reversal. B, 
Pattern pulse. C, Rate considering reliable responses for both 
protocols (Logic AND). D, Rate considering reliable responses 
for one of the protocols (Logic OR). The rings are shown in two 
diagrams, a larger one and a smaller one. The larger diagram 
represents rings R6, R5, R4, and R3 from periphery to center, 
while the smaller diagram represents rings R2 and R1 from 
periphery to center. 



Table 2. Mean rate of reliable waveforms considering the posi- 
tive results simultaneously obtained with both protocols (PR and 
PP) or with either protocol (PR or PP). 



Rate of reliable waveforms (%) 





PR and PP 


PR or PP 


All rings 


47.8 ± 16.5 


76.3 ± 13.8 


R1 


57.1 ±33.1 


75 ±34 


R2 


67.9 ± 24.9 


91 ± 13.3 


R3 


74.4 ± 22.8 


92.3 ± 12 


R4 


58.3 ±20.7 


87.5 ± 13.4 


R5 


27.9 ±21.6 


67.3 ± 20.3 


R6 


14.3 ± 15.4 


48.9 ± 25.5 



PR = pattern reversal; PP = pattern pulse. 



(P < 0.01) favoring pattern reversal, while for R1 , R2, and 
R3 there were no significant differences in the perfornnance 
to elicit reliable wavefornns. 

Table 2 shows the rate of reliable responses elicited 
sinnultaneously by both protocols (logic AND) or by at 
least one of thenn in the sanne sector (logic OR). The joint 
analysis of pattern reversal and pattern pulse stinnulus (logic 
OR) increased the rate of reliability of the central sectors 
by 7.14% in R1, 5.35% in R2, 4.76% in R3, 3.57% in R4, 
2.97% in R5, and 1 .78% in R6 to generate good responses. 
Fronn R1 to R4 the reliability to generate nnfVEPs was above 
70% after the joint analysis of both protocols. 

Discussion 

We connpared two nnfVEP stinnulation protocols that can 
be used in basic and clinical studies of the visual systenn. 
The pattern onset configuration used by Hoffnnannetal. (18) 
and Fortune et al. (16) had nnore frannes per nn-sequence 
state than the configuration used in the present study. When 
the sanne nn-sequence exponent for pattern reversal and 
pattern onset configuration is used, their recording duration 
will be longer than pattern reversal, while our protocol will 
have the sanne recording duration. In the present study, we 
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provide information about the reliability of the concentric rings, 
as done by Hoffmann etal. (18), and also of each sector of the 
dartboard. It is not possible to compare our data with those 
obtained byGerthetal. (1 7) becausethere are many differences 
in the stimulus configuration between the two studies. Maddess 
et al. (20) did not evaluate the number of reliable waveforms 
elicited by the different stimulation modes tested. All of their 
analysis is based on mean data for all sectors. 

The main contribution of the current study waste introduce 
a new configuration of stimulation to elicit mfVEPs that last the 
same time as those obtained by pattern reversal stimulation 
with a performance similar to that of other longer alternative 
stimulation modes. Other alternative stimulus configurations 
have a longer recording time than the pattern reversal mode 
or need a change in the m-sequence exponent to match the 
time for pattern reversal configuration. 

The present study showed that the main differences in 
the performance of the two stimulation protocols occurred 
between the inner rings (R1 , R2, and R3) and the outer rings 
(R4, R5, and R6). Central rings had a similar performance in 
both protocols and outer rings had a better performance in 
the pattern reversal protocol. The explanations for these dif- 
ferences could be due to different cellular origins (11 ,23-25), 
and contrast gain (13,14,16-18,20). Pattern reversal mfVEPs 
seem to be generated in VI (24-26), and it is not clear which 
or where the generators of pattern pulse (11), pattern onset 
and pattern offset mfVEPs are. In conventional onset visually 
evoked cortical potential (VECP) studies, striate and extrastri- 
ate origins have been suggested (27). Baseler and Sutter (28), 
Hood et al. (24), and Laron et al. (1 3) showed pattern-reversal 
mfVEP contrast-response functions that saturate at high con- 
trast. Medium contrast (about 50%) could generate a higher 
rate of reliable pattern reversal mfVEP. Maddess et al. (20) 
investigated contrast response functions using other presenta- 
tion modes. Their results showed that the contrast gain of the 
function rose faster with increasingly sparse stimuli. Hoffmann 
et al. (18) reported that the pattern onset mode increased by 
30% the mfVEP amplitude in the central rings (<10° radius), 
but evoked 15% smaller responses than pattern reversal for 
higher eccentricities (>15° radius). Fortune et al. (16) found 
identical waveforms for pattern reversal mfVEP and pattern 
pulse as well as for pattern onset. However, offset responses 
were different from other waveforms. They found higher SNR 
for pattern onset mfVEP. In the present study, the mean SNR 
for pattern pulse mfVEP was lower than for pattern reversal 
mfVEP at all eccentricities. SNR for pattern pulse mfVEP was 
similar to that found by James (11) (present study = 3.2; James 
= 3.3). We found a good linear correlation between SNRs 
of mfVEPs elicited by both stimulus protocols, suggesting 
the same origin but with different activation, as proposed by 
Hoffmann et al. (18). 

An additional finding was that rings R2, R3, and R4 elicited 
reliable waveforms above 60% for all subjects in both protocols 
(Figure 4C). These rings can be used as good indicators of 



cortical activation. In the central ring (R1 ), protocols had a very 
similar ability to elicit mfVEP but a high inter-subject variability. 
In the outer rings (R5 and R6), the pattern reversal mode was 
better in eliciting mfVEP. Hoffmann et al. (18) found that in the 
central rings the number of false-positive scotomas for pattern 
onset was lower than for pattern reversal, but the rate of false- 
positive results increased above 30% at the periphery, reaching 
worst performance for mfVEP generation. They found that a 
combination of the central field mfVEP elicited by both protocols 
reduced the number of false-positive scotomas. They stated 
that after the joint analysis they found a false-positive rate of 
less than 1 .5% across the visual field. We also found a better 
performance in both central and peripheral areas when the 
good results from at least one protocol were considered than 
when separately using either set of results (Figure 5D). 

The search for alternatives of pattern reversal presen- 
tation is important since it has been shown that pattern 
reversal responses decrease in patients with unstable 
fixation. Hoffmann et al. (29) and Hoffmann and Seufert 
(30) showed that simulated nystagmus decreases pattern 
reversal more substantially than pattern onset responses 
for conventional and multifocal visual evoked potentials. In 
the central field, pattern reversal and pattern onset mfVEPs 
were smaller but at the periphery only pattern reversal 
mfVEP was reduced. The differential effect of the retinal 
image on the mfVEP showed the importance of pattern 
onset mode in the evaluation of patients with nystagmus. 
The influence of retinal mechanisms in the generation of 
responses to pattern reversal and pattern onset was shown 
by Hoffmann and Flechtner (31) who demonstrated that 
slow stimulation could enhance pattern reversal and pattern 
onset multifocal pattern electroretinogram (mfPERG) and 
mfVEP amplitude. In the present study, the mean stimula- 
tion rate for pattern pulse stimulation was higher than that 
used in previous studies employing pattern pulse/onset/ 
offset stimulation (18,20). This explains the low reported 
SNRs for pattern pulse mfVEPs compared to standard pat- 
tern reversal mfVEPs, since response amplitude and SNR 
increased with decreasing stimulation rate (20,31). 

Spatial vision evaluation by mfVEPs can help to un- 
derstand some aspects that conventional VECPs cannot. 
Modifications in the stimulus configuration must be encour- 
aged to decrease the false-positive rate found in all stimulus 
protocols that are currently in use. The procedure described 
here proved to be similar to other configurations previously 
tested, with the advantage of being faster. 
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